Residual shear strength of soils is an important soil parameter for assessing the 18 stability of landslides. To investigate the effect of the shear rate on the residual shear 19 strength of loessic soils, a series of ring shear tests were carried out on loess from 20 three landslides at two shear rates (0.1 mm/min and 1 mm/min). Naturally drained 21 ring shear tests results showed that the shear displacement to achieve the residual 22 stage for specimens with higher shear rate was greater than that of the lower rate; both 23 the peak and residual friction coefficient became smaller with increase of shear rate 24 for each sample; at two shear rates, the residual friction coefficients for all specimens 25 under the lower normal stress were greater than that under the higher normal stress. 26 The tests results revealed that the difference in the residual friction angle фr at the two 27 shear rates, фr (1)-фr (0.1), under each normal stress level were either positive or 28 negative values. However, the difference фr (1) -фr (0.1) under all normal stresses 29 was negative, which indicates that the residual shear parameters reduced with the 30 increasing of the shear rate in loess area. Such negative shear rate effect on loess 31 could be attributed to a greater ability of clay particles in specimen to restore broken 32 bonds at low shear rates. 33 34
The fact that the residual shear strength is independent of the stress history has 142 been reported by many researchers (Bishop et al., 1971; Stark Timothy et al., 2005; 143 Djg Ydg Dbz 7 https://doi. org/10.5194/nhess-2019-156 Preprint. Discussion started: 23 September 2019 c Author(s) 2019. CC BY 4.0 License. about 25 kg were collected to investigate the residual shear strength. 145 The soil samples were air-dried, and then crushed with a mortar and pestle. It was 146 found that small lumps may exist in air-dried samples, which may be too big for the 147 cell, so lumps were crushed in order to make sample uniform. This should be done 148 with care so as not to destroy silty-dominated loess. After that, soil samples were 149 processed through 0.5 mm sieve. Distilled water was then added to the soil samples 150 until saturated water content were obtained. The physical parameters such as natural 151 moisture content (in-situ moisture content), specific gravity, bulk density, plastic limit, 152 and liquid limit were determined in accordance with the Chinese National Standards 153 (CNS) GB/T 50123-1999 (standards for soil test methods) (SAC, 1999) , but clay size 154 was defined to be less than 2 um followed ASTM, D 422 (ASTM, 2007) . Each soil 155 sample was separated into clay (sub 0.002 mm), silt (0.002-0.075 mm), and sand 156 (0.075-0.5 mm) fractions. The physical indexes of the soil are listed in Table 1 . 157 The grain size distribution of soil was measured using a laser particle size 158 analyzer Bettersize 2000 (Dandong Bettersize Instruments Corporation, Dandong, 159 China). The sieved soil samples were used to determine particle size distribution. In 160 this study, soil samples were treated with sodium hexaphosphate, serving as a 161 dispersant, to disaggregate the bond between the particles. The results show that the 162 clay fraction in Djg landslide soil (24%) is more than two times than that from Ydg 163 (9%) and Dbz (9.1%). Furthermore, the particle size analysis illustrated that the 164 percentage of silt-sized soil in three landslides ranged from 75.66% to 87.4%. In (Stark and Vettel, 1992) . The normal stress, shear strength and shear displacement can specimen was recorded at intervals of 1s before the peak shear strength, after the peak, 206 the sampling rate was increased to 1 min. 207 In this study, ring shear tests were performed in a single stage under naturally 208 drained condition and the samples were subjected to shear until the residual state was 209 achieved. Drained condition of the shearing process is provided by two porous stones 210 attached on the top and the bottom platen of the specimen container. As for soil 211 specimens with low permeability, the rate of excess pore pressure generation in the 212 shear box may exceeded that of pore-pressure dissipation, this type of condition is 213 identified as naturally drained condition in previous studies (Okada et al., 2004) . 214 Furthermore, Tiwari (2000) 251 3(b)), respectively, which is greater than in the Ydg samples (about 9.8% and 10.3% 252 in Fig. 4(b) ) and Dbz samples (about 2.4% and 3.2% in Fig. 5(b) ). In Djg samples, an 253 obvious slickenside was observed on the shear surface (Fig. 6 ). This phenomenon high shear rate ( Fig. 3(b) ), while such reduction in friction coefficient in Ydg sample 259 are only about 4.1% and 4.8% ( Fig. 4(b) ). Furthermore, under the low and high shear 260 rate, the friction coefficient reduction in Dbz samples are only approximately 5.6% 261 and 6.0% (Fig. 5(b) ). Skempton (1985) reported that the strength of soils falls to the 262 residual value in ring shear tests, owing to reorientation of platy clay minerals parallel 263 to the direction of shearing. Based on the conclusion that the post-peak drop in 264 strength of normally consolidated soil is only due to particle reorientation after the 265 peak strength (Skepmton, 1964; Mesri and Shahien, 2003) , the results demonstrated 266 that the Djg landslide soil existed the greater particle reorientation compared with that 267 of other two landslide soils. following the previous studies (Skempton, 1985) . The residual strength parameters 309 were defined as фr (0.1) and фr (1) at the low shear rate and high shear rate, 310 respectively. And the difference between the residual friction angles at two shear rates 311 was defined as фr (1) -фr (0.1). Comparatively, the residual friction coefficient was 312 defined as τ r/σn (0.1) at the low shear rate and τ r/σn (1) at the high shear rate, 313 respectively. Furthermore, the difference between the residual friction coefficients 314 was defined as τ r/σn (1) -τ r/σn (0.1). to 400 kN/m 2 ranged from 0.3 to 0.262 and from 0.3 to 0.24, respectively. The 319 difference between the friction coefficients, τ r/σn (1)-τ r/σn (0.1), at each normal 320 stress level are varied in a range of -0.022 to +0.002. For the difference between the 321 residual friction angles, фr(1)-фr(0.1), ranged from -1.212°to +0.079° (Table 2) the residual strength parameter фr(0.1) and фr(1) for all normal stress were found to 353 be 15.003°and 14.09° (Fig. 7) , respectively. However, the residual friction angles фr 354 (0.1) and фr (1) of the Ydg samples were obtained to be 27.954°and 26.778° (Fig. 8) , 355 respectively. In the case of Dbz sample, the friction angles фr (0.1) and фr (1) were 356 high, 32.822°and 32.293° (Fig. 9 ), respectively. The residual friction angles фr (0.1) 357 and фr (1) It has been recognized that residual shear strength of soils is closely related with 371 soil properties, such as particle size distribution (PSD), liquid limit (LL), plasticity 372 index (Ip)and clay fraction (CF) (Terzaghi et al., 1996) . comments on the use of tests results with different shear rates, partially deepening 396 some aspects deriving from previous studies. 397 From the experimental results on the three selected landslides, it was found that 398 there is a negative relationship between residual friction coefficients and shear rates 399 for all samples (Figs. 7, 8 and 9 ). Such a negative effect of shear rate (higher residual 400 friction coefficients at lower rates) has been reported in the literature for fine-grained 401 soils (Tika et al., 1996; Gratchev Ivan and Sassa, 2015) . This effect may be closely 402 associated with ability of clay particles in specimen to restore broken bonds at 
